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CORNEAL COMPLICATIONS RELATED TO RETINAL SURGICAL PATIENTS 
INCLUDING ANALYSIS ON SILICONE OIL USE 
ERICA N. WAYNE 
ABSTRACT 
 Postoperative corneal complications from pars plana vitrectomy 
surgery on the retina have been studied extensively in the literature.  
Researchers are aware of possible issues with oil tamponades, laser techniques, 
and other methods used.  There could be clear markers to focus on a pattern of 
retina diagnoses of the patients that seem more prone to these problems in the 
front of the eye.  Studies have noted refractive issues and increased cataract or 
posterior capsule opacification (PCO) progression but it is inconclusive in many 
studies on a corneal safety standpoint.  Furthermore, a 23 or 27gauge pars plana 
vitrectomy has varying protocols depending on the diagnosis of the retina patient 
including endolaser, tamponade exchange, or even endoscopic 
cyclophotocoagulation.  This study was conducted to research data looking at 
varying combinations of surgical type, diagnosis, and other patient characteristics 
to gain statistical evidence or relative frequency to better understand what type of 
retinal demographics cause corneal complications.  The list of corneal 
complications in this study include: visual distortion involving anisometropia or 
photophobia, increased intraocular pressure including Uveitis-Glaucoma 
Hyphema syndrome, allergic conjunctivitis, a lens subluxation, herpes virus 
(zoster or simplex), a corneal scar or lesion, neurotrophic cornea, bullous 
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keratopathy and corneal neovascularization.  This was a retrospective case study 
evaulating 57 patients and 58 eyes that underwent a retinal surgery, with corneal 
complications at Beth Israel Deaconess Medical Center between October 2013 
to December 2016.  Number of patients, systemic demographics including 
frequency of hypertension and diabetes, and frequency of retina surgery per eye 
was analyzed.  Moreover, we looked at different retina diagnoses to view which 
groups have a higher occurrence of complications after surgery. We used 
silicone oil as a way to divide the corneal complication patients to determine if the 
use of oil had an effect on a higher rate of issues after surgery.  Eyes were 
divided into treatment with silicone oil group (n=23) and a non-silicone oil group 
(n=34), and we found that the silicone group had a significantly higher frequency 
of retinal surgeries (p<0.001).  Moreover, there was no significant evidence 
between certain systemic factors (p<0.05), that allowed us to include the silicone 
oil and non-silicone oil patients as a unified group.  When looking at our retina 
diagnoses we saw some groups had a higher percentage of complications when 
we took total number of problematic postoperative outcomes and divided that by 
total number of surgeries.  Over one quarter of the surgeries per category leading 
to corneal complications occurred in the categories of subluxed lens, 
endophthalmitis, trauma, and uveitis-glaucoma hyphema Syndrome or 
neovascular glaucoma.  Vitreomacular traction similarly had a high percentage of 
patients with corneal complications.  Retinal detachment and epiretinal 
membrane were largest quantities of a specific retinal problem with low 
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percentages of fewer than 15% with complications postoperatively.   The study 
found that in our patient demographic silicone oil did not seem to be a factor in 
causing more corneal complications but it did cause more retinal surgeries.  
Moreover, certain retina diagnoses seem more prone to cause challenging 
outcomes, which leaves room for further studies distinguishing certain factors 
that could cause such specific issues. 
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INTRODUCTION 
 
Developmental and Anatomical Examination 
 The sense of sight and the human eye have long been considered 
expansive topics of research in science and medicine.  The eyes are also known 
as the windows to the soul, an intimate part of human connections and 
relationships. Eye growth occurs early in gestation and initial fovea maturation 
can be seen in week 22 during fetal development. Growth continues after birth 
and full maturity is reached when the child is 45 months old (Hendrickson & 
Yuodelis, 1984). The complexity of the eye can be summarized into three layers; 
outer, middle and inner.  The outer layer is commonly known as the cornea.  The 
cornea and sclera are positioned at the front of the eye and are closest to the 
outside world.  The cornea refracts almost 70% of the light on the retina.  The 
iris, ciliary body, and the choroid make up the middle layer, which nourish the eye 
and control the shape and size of light allowed to reach the retina.  This central 
layer separates the cornea from the retina, the innermost layer of the eye.  
Retinal machinery processes all inputs to the eye.   
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Figure 1: Layers of the eye.  Figure taken from Fischer, 2013. 
The anterior part of the eye is avascular and highly innervated with 
sensory nerves from the trigeminal branch.  What may seem like a transparent 
film over the eye is actually made of up five distinct layers; the 5-7 layers of 
pseudostratified epithelium, the  Bowman’s membrane, the lamellar stroma 
composed mainly of extracellular matrix synthesized by keratocytes, endothelium 
derived Desçemet's membrane, and the single, cuboidal cell endothelium 
(Willoughby et. al, 2010).  In general, the stability and strength of the cornea 
allows little light to scatter or be absorbed. Corneal abnormalities or surgical 
mishaps change the way light proceeds through this layer and cause potential 
dispersion or absorption. 
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Figure 2: Layers of the cornea. Figure taken from Willoughby et al., 2010. 
 The anterior most epithelial layer protects the rest of the eye from the 
outside environment and a “fifth” layer of lipid secreted from Meibomian glands 
enrich the eye’s refractive powers and serves as the primary defense to foreign 
substances.  This multi-cellular complex regenerates every 7-10 days from 
pluripotent cells in the basal layer.  The Bowman membrane, 15 µm thick, 
tightens the shape of the cornea and is often where many scars form due to its 
inability to redevelop properly.  The Bowman membrane provides structure but 
the stroma is considered the sound framework behind the cornea.  The stroma’s 
thick, 200-250 lamellar layers are mechanistically important as they form a 
complex yet precise network that permits light to travel to the retina in a straight 
line.  A scar or alteration in the collagen alignment will cause a defraction of light.  
Desçemet's membrane derives from endothelial secretions and thickens with 
age.  The deepest and final layer of the cornea is a single-layer of endothelium, 
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intricately formed in a pattern of pentagons and hexagons. Conversely to the 
thickening of Desçemet's membrane with age, this endothelial layer thins out 
over time and cells may become polyploid (DelMonte & Kim, 2011). 
 
Retina 
Where the cornea stems from the trigeminal nerve with keratocytes 
deriving from neural crest cells during fetal development, the retina and the 
retinal pigment epithelium (RPE) derive from the neural ectoderm from neural 
beginnings that later become the optic nerve. Instead of being a protective 
barrier, the retina is used to convert light from inner to outer retina into varying 
signals via the mechanics of rods and cones (Sernagor et al, 2006).  During 
development, ganglion and amacrine cells have their function long before the 
brain connections and targets are formed to complete the retinal pathway. 
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Figure 3: Layers of the Retina. (Roberts, 2001).  
 
The retina, though only a small percentage of the back of the eye, is made 
up of many complex layers that work synchronously to receive inputs.  To 
comprehend the workings of the eye there must be a basic understanding of the 
ten layers that make up the retina. Beginning with the RPE, there are 4 to 6 
million active cells that interact with the neighboring layer of photoreceptors.  This 
second layer consists of rods and cones that are held together by the third layer, 
the external limiting membrane (ELM).  Next comes the outer nuclear layer 
(ONL).  The ONL houses the cell bodies of rods and cones and is approximately 
9 cells thick nasally and 4 cells thick temporally. The rods and cones synapse 
with neural cells and bipolar dendrites at the outer plexiform layer (OPL).  The 
cell bodies of bipolar cells that synapse with the photoreceptors are located in the 
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inner nuclear layer (INL).  The INL also houses bodies of the amacrine cell, 
Muller cells, ganglion cells, and the interplexiform neurons.  The inner plexiform 
layer (IPL) contains axons of these cells and also further neuronal connections to 
allow motion and direction to be processed beginning in this layer. (Remington, 
2011) The singular ganglion cell layer comes next and is followed by the nerve 
fiber layer (NFL).  The NFL comprises ganglion cells and the retinal capillary 
network and advances to exit through the optic nerve (Remington, 2011).  
 
Retinal Surgery 
Retinal surgeons aim to prevent or fix many categories of different retinal 
problems with the use of a type of surgical procedure known as the pars plana 
vitrectomy. A vitrectomy is the most common form of procedure for all types of 
retinal detachment or retinal tear, macular hole and other issues.  Along with the 
vitrectomy, surgeons today include an intraocular tamponade of either air or 
other forms of gas or oil to close retinal breaks.  An air tamponade was first used 
by Rosengren to specifically close retinal breaks in 1938 where he had a success 
rate of 75%.  Other types of tamponade used in a vitrectomy include SF6 gas, 
C4F8 perfluorocarbon gas, and silicone oil. (Kreissig, 2005).  Also, the gauge of 
the vitrectomy differs in each surgery and is dependent on the surgeon and their 
preference.  The higher the gauge the smaller the incision and therefore less 
cause of complications such as retinal breaks or perfusion. 
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In our study we focused on 23 and 27gauge vitrectomies.  Diagnoses 
included in our spreadsheet were limited to patients between 2013-2016.  
Specifically, retinal detachment (RD) , macular hole, epiretinal membrane (ERM), 
proliferative diabetic retinopathy (PDR) and vitreous hemorrhage, neovascular 
glaucoma (NVG), endophthalmitis, and trauma were chosen as the identifiers to 
focus on based on the demographic of clinical patients in this study. 
 
Silicone Oil 
An intraocular tamponade to vitreoretinal surgery for many different 
diagnoses is silicone oil.  The use of silicone oil is quite controversial in the 
literature for its possible side effects to the eye such as glaucoma, cataracts, and 
unknown damage to the eye based on the need for a second or even third 
surgery to reenter and remove all of the substance. Other oil or air tamponades 
have been used but no sufficient evidence proves these secondary forms of 
stability to be more effective or less obscuring to the patients vision.   
Furthermore, long-term safety is also unconvincing (Mester & Knaflic, 1991).  
 The eye’s refractive system is the combination of the cornea and the 
intraocular lens (IOL) that work together to create a refractive index.  Some 
studies have shown refractive errors occur from residual silicone oil due to a high 
refractive index of the mixture. Wei Fang et al used a single surface power 
formula combined with the total lens refractive power for thick and thin variables 
and derived a theoretical yield for pseudophakic total refractive power: 
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D0= DC + Di – d/nh DcDi = Dc + [(ni- nh)/ria + (ni – nv)/ rip] – d/nh Dc[(ni- nh)/ria + (ni – 
nv)/ rip] 
 
Where Do = total refractive power of a pseudophakic eye, Dc/D1: refractive power 
of cornea and IOL nv/ni/nh: refractive index of vitreous fluid, artificial lens, and 
aqueous humor with ria/rip: anterior and posterior radius of IOL and d: distance 
from cornea to anterior surface of IOL 
 
With the curve of the cornea presumably unchanged, the SO fill formula was 
calculated as: 
D1= Dc + + [(ni- nh)/ria + (ni – nso)/ rip] – d/nh Dc[(ni- nh)/ria + (ni – nso)/ rip] 
 
Through the clinical observations of this team the data presents evidence that no 
refractive shift occurred based on Figure 3. 
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Figure 4:Refractive shift comparison of silicone oil with theoretical data. No 
significance observed (P=0.3329, Paired T-test). (Fang et al, 2016). 
 
 Furthermore, increased progression of nuclear sclerotic cataracts has 
been noted in some analyses.  Post-operatively, cataract surgery can lead to 
posterior capsule opacification (PCO), or clouding of the capsule, which 
unfortunately leads to decreased  clarity of visual acuity. PCO rates increase 
from use of silicone oil due to its role in thickening of the capsule wall 
(Williamson, 2013). Schwarzer et al focused on potential intraocular pressure 
(IOP) increase post surgical intervention with silicone oil before and after the 
removal.  Their findings provide evidence that a secondary rise in IOP occurs 
even after removal of the silicone oil tamponade causing potential cystoid 
macular edema or the need for steroid intervention which alone has varying side 
effects (Schwarzer et al, 2014) The controversial importance of silicone oil is of 
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interest in our study and we will be looking at effects such as number of retinal 
surgeries and patient information to see if other complications to the cornea are 
prevalent.  
 
Postoperative Cornea Complications  
 There are many known cornea complications that occur postoperatively 
for varying reasons.  Due to the location of the retina, a surgeon is forced to 
penetrate through the front of the eye to treat most retinal problems.  Given the 
common problems with silicone oil that have been cited controversially, it is 
important to look at other factors causing certain issues with the most anterior 
part of the eye.  The following complications were noted by the cornea specialist 
in our study. 
 Visual Distortion 
 The foundation of a visual distortion can occur for many reasons, not the 
least the type of altered vision.  Some patients complain of decreased visual field 
or clarity after their retina surgery.  Examples of this optical alteration include; 
photophobia: increased sensitivity or pain especially due to light exposure, 
anisometropia: unequal refractive power between two eyes or PCO causing a 
veil or shadow over the vision.  
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Herpes Virus 
 The Herpes Simplex Virus known as HSV1 commonly affects humans in 
the face or eye.  Herpes Zoster (HZV) is another form of a virus that causes 
similar symptoms to HSV1.  These diseases can cause a rash, inflammation, 
blisters, sensitivity, and potential scarring of the cornea if deeper corneal layers 
are involved (American Association for Pediatric Ophthalmology and Strabismus, 
2014).  HSV1 and HZV remain dormant in most individuals; however, one should 
note that common cases of herpes progress after the eye is stressed 
postoperatively.   
 
Corneal Scarring and Epithelial Healing 
The cornea is the first point of access and, as seen in Figure 1, any 
complications involving deeper layers such as the retina will undoubtedly cause 
energy to be used on the cornea to reach the intended site in question.   
Due to such intense activity toward the cornea many scars, lacerations, 
and abrasions can be side effects of bacterial or viral conjunctivitis, surgery, or 
blunt trauma.  Because these vigorous demands are placed on this relatively 
miniscule protective layer, there are powerful wound healing factors in place to 
help restore epithelium and prevent any potential hazards that could cause loss 
of sight.  Immediately after injury to the epithelium a cascade of growth factors is 
released such as TNF-alpha, (IL)-1, collagenases, and cytokines like HGF, KGF, 
and PDGF.  The first stage of keratocyte apoptosis, or programmed death of 
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keratocytes, paves the way for necrosis, inflammation, and eventual repopulation 
of keratocytes, fibroblasts and myofibroblasts to rebuild (Netto et al, 2005).  
There are many different diagnoses that lead to a surgical intervention for the 
cornea or retina alike.  Looking at retinal surgeries, there are certain instances 
where the vitrectomy can cause corneal impediments that were previously 
undiscovered. 
 
Bullous Keratopathy and Corneal Neovascularization 
 When a corneal scar or laceration occurs there are many healing 
mechanisms that take place.  Unfortunately, not all cases are able to completely 
recover and further problems can result from such epithelial defects.  Bullous 
keratopathy is a condition of epithelial dystrophy that occurs in many 
postoperative patients as a result of corneal endothelial dysfunction.  As the 
cornea destructs, the epithelium covering the eye can degrade and a collagen 
layer forms between Descement’s membrane and these endothelial cells to an 
extent where a corneal transplant is necessary (Foster et al, 2005).   Bullous 
keratopathy and other endothelial pathologies affecting the cornea can cause 
neovascularization, preventing patients from keeping their cornea and increasing 
the likelihood for a corneal graft or Descement’s Stripping Endothelial 
Keratoplasty (DSEK) surgery to improve vision. 
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Figure 5: Lipid Keratopathy in a region of corneal scarring and neovascularization 
resulting from a previous Pseudomonas keratitis. (Vislisel & Karakas, 2016). 
 
Increased Intraocular Pressure or Uveitis-Glaucoma-Hyphema Syndrome  
 Intraocular pressure of the eye is measured in mmHg with a normal range 
between 12-22mmHg. Increased IOP can occur after any eye surgery and cause 
patients to have pain in their eye and optic nerve damage.   Many are at risk 
including those with a genetic predisposition, those with hypertension, certain 
racial subsets, and individuals who have a history of steroid use.  
When a patient struggles with increased IOP, pigment dispersion, and 
irregular inflammation after a cataract surgery it is likely their diagnosis is 
something known as Uveitis- Glaucoma- Hyphema (UGH) Syndrome. Although 
rare at a low percentage of 0.3-1% of postoperative cataract patients, UGH 
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syndrome can cause extreme devastation to a patient’s vision and must be 
noticed immediately so the potentially ill-fitting IOL can be replaced with one 
more asynchronous to a patient’s anatomy (Cordiero-Sousa et al, 2016).    
 
Retinal Diagnoses 
 The eye is an intricate globe that must be kept intact for all parts to 
mechanistically work together to turn stimuli into vision.  Mechanistic knowledge 
of the eye and the many problems associated with the retina has been studied 
extensively.  Some of the following diagnoses will be explained.  These 
diagnoses are included in our surgical database for being prominent markers of 
retinal complications in our patients causing a need for surgical intervention with 
a pars plana vitrectomy along with additional procedures. 
 
Retinal Detachment 
 Flashes of light, floaters, and a shadow in the vision are all symptoms of a 
retinal detachment that may be revealed in discussion with patients during a 
routine eye exam, especially those who have previous surgeries or disorders.  A 
retinal detachment occurs when fluid gathers through one of three different 
means and eventually collects between the RPE and the sensory retina.  A 
rhegmatogenous retinal detachment occurs from a posterior vitreous detachment 
(PVD) and happens very quickly.  A secondary retinal detachment can happen 
as a response to a systemic issue or in conjunction with a  retinovascular 
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disease.  A traction retinal detachment transpires when the vitreous has formed 
lesions and eventually pulls tightly against the retina to causing its death and it 
must be surgically reattached. (Pavan-Langston, 2008).  
 It is important that patients are aware of the symptoms and disadvantages 
of retinal detachments due to their potentially rapid progression and possible loss 
of vision.   Furthermore, patients that are predisposed should be aware of their 
increased risk of a retinal detachment.  Predispositions to this unfortunate 
circumstance are those who have myopia, aphakia, retinal degeneration, trauma, 
or retinal neovascularization.   Approximately half of the retinal detachment cases 
include patients that complained of  flashes of light, floaters, and a curtain over 
some of the visual field (Chignell, 1989).  
 
Macular Hole 
In contract to retinal detachments, many patients with a macular hole are 
asymptomatic due to their unilateral onset, especially if the opposing eye is in 
good health.  However, there are common symptoms that include blurred vision 
or distorted sight in the center of one’s visual field.  Macular holes are most 
common in females above the age of 55.  Macular holes arise when the vitreous, 
which fills about 80% of the eye, gradually constricts with age and tugs at the 
retina.  The tighter the vitreous is to the retina when it pulls at the surface, the 
higher the chance of a macular hole due to increased tension.  Moreover, when 
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these holes appear fluid in the eye can suddenly seep through the openings and 
cause blurred vision. 
The stages of a macular hole range from I to IV.  Approximately 40-90% of 
stage I holes, or foveal detachments, commonly repair themselves while stage II, 
partial thickness, to stage III and IV, full thickness, require surgical intervention 
(Holz & Spaide, 2010). This surgical involvement includes a vitrectomy and 
combined ILM peel, which has been shown to increase success rate of macular 
hole closure.  Eckhardt et al provided evidence that joint vitrectomy and air 
tamponade along with 1 to 3 days of face down positioning revealed high rates of 
closure for a macular hole.  In the study described here 54.5% of eyes closed in 
24 hours and 75.7% of eyes closed in 48 hours (Eckhardt et al, 2008).  The 
combination of an air tamponade with ILM peel and autologous blood clot in 
highly myopic patients successfully close macular holes and reattaches the retina 
in combined retinal detachment and macular hole patients 96% of the time (Lai 
C-C, 2015).  Moreover, successful surgery is partnered with a higher chance of 
best-corrected visual acuity (BCVA) in post surgical patients. Patients who are 
unable to remain face down post operatively are unlikely to have success in 
macular hole closure.  
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Figure 6: Normal macula vs. macular hole and swollen retinal break. Luff, 
A.J.  Sapphire eye care http://www.sapphire-
eyecare.co.uk/macular/understanding.htm 
 
Epiretinal Membrane 
 An epiretinal membrane (ERM) is an avascular membrane composed of 
tiny fibers that form on the retinal surface.  Commonly found on an exam without 
symptoms, epiretinal membranes can cause some symptoms when specifically 
affecting the macula.  These symptoms include visual loss or metamorphopsia.  
Cell growths occur from glial cells that link together into a membrane formation.  
Visual loss only occurs with increased tension and pulling against the retina. 
(ASRS ERM). 
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 ERM treatment includes a pars plana vitrectomy with ERM peel.  ILM peel 
is included in some cases; however, a study by Azuma et. al provides evidence 
that ILM peel is not more efficacious in increasing BCVA but does significantly 
lower recurrence rate of an ERM (Azuma). Furthermore, many vitrectomies are 
combined with phacoemulsification and cataract extraction.  Studies answering 
the question of an ERM recurrence with or without a combined surgery are still 
inconclusive (Yiu et al, 2013). 
 
Diabetic Retinopathy or Vitreous Hemorrhage 
Diabetic Retinopathy is a serious retinal pathology that arises from many 
preventable systemic predispositions such as hypertension, hyperglycemia, or 
hyperlipidemia.  Diabetic retinopathy occurs when blood vessels in the retina 
hemorrhage causing distorted vision. The continuation of this disease results in 
proliferative diabetic retinopathy (PDR), where an increasing number of 
unhealthy blood vessels can cause necrosis and damage to the retina.  Similarly 
to PDR vessels, some patients have vitreous hemorrhages without the diagnosis 
of diabetic retinopathy.  Many techniques to treat diabetic retinopathy and 
irregular vitreous hemorrhages include invasive practices such as non-surgical 
laser photocoagulation or intravitreal injections along with a vitrectomy (Sharma 
et al, 2017). 
In the literature the success rate of a vitrectomy in the treatment of PDR is 
91.2% in adults between the ages of 18-40 and up to 100% in adults over the 
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age of 40 (Huang et al, 2017).  Even with this success a study performed by 
Carter et al after a vitrectomy for intervention of Proliferative Diabetic Retinopathy 
demonstrated that there was increased risk for iatrogenic retinal breaks 
complicating the surgery (Carter et al, 1990).   
 
Endophthalmitis 
 The term endophthalmitis is used to describe extreme swelling of eye 
tissue and infection.  Most commonly, bacteria in the staphylococcus or 
streptococcus bacterial species or candida/aspergillus fungi are proven 
perpetrators to the cause of such inflammation stemming from a patient’s own 
conjunctival flora.  Patients with endophthalmitis usually feel symptoms of eye 
pain, decreased vision, and noticeable redness or swelling around the eye.   
Endophthalmitis can occur after eye surgery (Johnson, 2017). The Bascom 
Palmer Eye Institute provided data explaining the low risk of endophthalmitis 
development after cataract surgery.  Their numbers indicate a 0.04% occurrence 
after cataract surgery, 0.2% after secondary IOL placement, 0.03% after 
vitrectomy, 0.08% after keratoplasty and 0.2% after glaucoma filtering surgery. 
(Pandaya, 2016) however, these rates can vary from clinic to clinic. 
 Treatment for endophthalmitis typically includes a series of systemic 
antibiotics or vitrectomy.  For our purposes, the surgical database includes 
patients who underwent a vitrectomy to cure their endophthalmitis.  In an early 
study by Goldnamer a sub-group of patients that began with initial light 
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perception had a significantly greater chance of better visual acuity and a 
decreased chance for severe vision loss after a vitrectomy vs. systemic 
antibiotics (Goldnamer, 1923).  With such early research on the use of a 
vitrecomty, surgeons to date have been able to practice the vitrectomy in various 
ways to increase effectiveness and safety for patients.  Additionally, a vitrectomy 
can result in reduction of inflammatory debris, retinal oxygenization, and direct 
and localized access for medication.  During a vitrectomy the need for corneal 
scraping is almost always mandatory due to the fibrous haze covering a distinct 
view to the retina, which can lead to corneal complications after the 
endophthalmitis was cured (Kuhn & Gini, 2007). 
 
Trauma 
Traumatic incidences involving the eye can include anything from a car 
accident to a gunshot wound to getting hit in the face with a baseball.  
Furthermore, traumatic incidences involving the eye are random; therefore, 
causing the age range and health status of such cases to be inconclusive in 
terms of prevention.  These cases were included in our study due to involve all 
demographics of our database for a complete comprehensive study. 
 
Neovascular Glaucoma 
 The ischemic progression of neovascularization of the iris or 
neovascularization of the angle is known as neovascular glaucoma (NVG).  It 
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stems from diabetic retinopathy, central retinal vein occlusion, and carotid artery 
obstructive disease.  Symptoms of NVG include a severe increase in IOP, 
ultimate angle closure of the synechiae and poor visual prognosis.  Once a 
patent is discovered to have NVG there is no treatment to eliminate the diagnosis 
(Salim et al, 2006).   
 Common treatment for NVG includes IOP lowering agents such as Beta-
adrenergic antagonists, alpha-2 agonists, or carbonic anhydrase inhibitors 
combined with photocoagulation.  Specifically, endoscopic cyclophotocoagulation 
is a surgical mediation used in our database to treat patients with NVG.  This 
process causes destruction to the ciliary body stroma and epithelium to 
accordingly drop the IOP levels and reduce pain and discomfort.  Success rates 
at two years after surgery of endo-cyclophotocoagulation groups are 73.53% 
(Rodrigues et al, 2016). 
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Specific Aims and Objectives 
 There are many different retinal diagnoses seen in patients across our 
clinic.  Due to such variation, corneal complications can occur for many reasons.  
The primary goal of this study is to distinguish potential factors that lead to an 
increased risk of corneal challenges.  This increased risk could be determined by 
patient surgical history, use of a silicone oil tamponade, or systemic diseases.  
For this reason we viewed patient demographics to examine patient prognoses 
for specific categories to compare our different groups.  The goal of this study is 
to examine limiting factors listed above including hypertension or diabetes, 
number of retinal surgeries per eye, and corneal complications to find frequency 
of complications that occurred between our groups.   
Additionally, the study is focused on providing data focusing on which retinal 
groups seem to be attributed to high risk to the cornea issues in hopes to direct 
surgeons to these problems and raise awareness for potentially risky techniques.  
When viewing our range of retina diagnoses we determined the number of 
patients per diagnosis and subsequently the frequency of which patient group 
had a corneal complication.  We used this information to tell us a frequency of 
patient that underwent a vitrectomy whom encountered a corneal complication.  
Also, with a closer look at silicone oil as an already controversial tamponade for 
retinal surgery, this study will provide more evidence clarifying the safety and 
stable use of silicone oil as a vitrectomy tamponade.    
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METHODS  
 
In this study we analyzed a total of 57 patients and 58 eyes with a mean 
age of 69.18 years old.  All had undergone a retinal surgery by a single surgeon 
and then followed up by a single corneal specialist for corneal complications 
status post pars plana vitrectomy at Beth Israel Deaconess Medical Center in 
Boston Massachusetts between the years of October 2013 to December 2016. 
We excluded all patients from the surgical database that did not visit our cornea 
specialist with a note available to us on our Online Medical Record system.   Any 
patients that underwent retinal surgery but did not have a corneal complication 
were placed into our control group that included a total of 361 patients. Thus 
57/361 patients in the cohort had corneal complications.  The patients included in 
our study were examined using a number of different criteria and these included 
their personal health and surgical history.   
After reviewing all of our patients and highlighting the reasons for their 
surgery and secondary corneal complications we then cross-referenced the data 
with patients involved in retinal surgeries without corneal complications during an 
equivalent time span.  The charts were examined to determine the total number 
of retinal surgeries per eye along.  Moreover, we observed our specific 
diagnoses to look at retina patients that had undergone surgeries that did not end 
up with corneal complications.  Some patients were noted to have corneal 
scraping during their procedure after a review of files it is not possible to 
determine if all of our patients were involved in corneal scraping. Moreover, 
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within our group of interest we noted those with hypertension and diabetes and 
reviewed any systemic issues that could link to increased prevalence for a 
cornea consult.  
 
Diagnosis 
First, we looked at each case diagnosis from a retinal standpoint and 
noted the surgery type performed.  Some criteria distinguished from the 
operating room reports included the following: perfluorocarbon/fluid-air exchange, 
endolaser/panretinal peripheral photocoagulation laser, endoscopic 
cyclophotocoagulation, silicone oil insertion, and silicone oil removal. 
We then noted how the surgery was performed including surgeries that 
were solo retina surgeries, combined vitrectomy with phacoemulsification for 
cataract extraction, or combined vitrectomy with intraocular lens (IOL) 
replacement in the posterior or anterior chamber.  
 All patients completed a dilated exam along with an OCT to ensure eye 
stability and proper diagnosis before proceeding to their surgery.  If the patients 
decided to go forth with their surgical procedures they were informed that any 
intraocular surgery is associated with a 1 in 1,000 risk of infection and bleeding 
that can lead to blindness. Any patient who undergoes a retina surgery is at risk 
of retinal tears or retinal detachments in about 1 in 100 patients. In typical cases, 
these complications can be corrected at the time of surgery but in extraneous 
cases there may be a need for an additional procedure.  Furthermore, in patients 
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over the age of 50 a vitrectomy is associated with progressive cataract formation.  
In 24.13% of cases, patients with ample cataract formation underwent 
simultaneous cataract extraction with phacoemulsification and intraocular lens 
placement (posterior or anterior) to eliminate another surgical occurrence.  
Before the procedure began the patient and physician signed a consent form 
after discussing possible risks and complications for the outcome of the surgery.   
 
Surgical Procedure 
 Once in the operating room the patient was connected to O2, EKG, and 
blood pressure monitors that were then monitored throughout the case. The eye 
to be operated on was prepared and draped in the usual ophthalmic fashion.  A 
wire lid speculum was placed to keep the eyelids open and apart.  A retrobulbar 
infusion of a 50:50 mixture of 2% lidocaine and 0.75% Marcaine with epinephrine 
was given just behind the operative eye to produce suitable akinesia and 
anesthesia.  Sclerotomies were made 3.5 mm posterior to the limbus in the 
superonasal, superotemporal, and inferotemperal quadrants.  A 4 mm infusion 
cannula was inserted in the inferotemporal sclerotomy.  The tip of the infusion 
cannula was inspected to ensure that it was in the vitreous cavity prior to turning 
on the infusion.  
If the patient had received silicone oil in a prior procedure the 1000 or 
5000 centistoke silicone oil was first removed completely through the eye through 
a large superotemporal sclerotomy.  Once this was performed, the Angiocath 
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was inserted in the eye and the small droplets were removed from the anterior 
chamber.   If necessary, iris hooks were placed to widen the pupil and were 
removed at the end of the case.  
In some cases where the silicone oil removal was combined with 
phacoemulsification for cataract extraction and intraocular lens replacement that 
protocol would be performed either before or after the silicone oil removal.  
Furthermore, if the silicone oil removal was combined with a vitrectomy revision, 
here the vitreous cutter and light pipe were used to perform a revision peripheral 
vitrectomy at this time. 
Attention was then paid to the macula to look for traction detachments that 
involved the macula.  Furthermore, ILM forceps were used to try and identify any 
epiretinal membranes on the surface. 
The Endo diathermy was then used to mark out a relaxing retinotomy (if 
any).  The vitreous cutter was then used to create the retinotomy and the entire 
anterior retina was carefully removed.  All bleeding was stopped using the Endo 
diathermy.  The retina was flipped over and the ILM forceps were used to grasp a 
subretinal membrane to remove it from underneath the retina.  This membrane 
was removed from the eye and sent to be frozen for further analysis.  
In some cases, perfluorocarbon oil was instilled in the back of the eye and 
the retina was flattened.  In some cases, an endolaser was used to apply 
confluent barrier endolaser photocoagulation treatment at the edges of the 
retinotomy.  
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A 1000 centistoke silicone oil-perfluoron exchange was performed, and all of the 
perfluorocarbon oil was removed from the eye.  The edges of the retinotomy 
were then inspected to be flat.  
In order to help prevent silicone oil migration into the anterior chamber, a 
small amount of Miostat was injected using a 30-gauge needle through the 
anterior chamber.  In some cases to prevent postoperative inflammation, 0.1 cc 
of triamcinolone were left on the macula and 30 mg of triamcinolone were 
injected in a posterior sub-Tenon fashion. 
The following procedure indicates silicone oil implantation: 
 1000 or 5000 centistoke silicone oil was infused into the eye until it was at 
the pupil margin.  The pressure in the eye was left normal.  0.1mL Triescence 
were injected into the inferior silicone oil bubble to help with postoperative 
inflammation.  A posterior sub-Tenon’s injection of approximately 40mg 
Triescence were injected in the inferior nasal quadrant.  
The sclerotomies were then closed and found to be water-tight.  Pressure 
of the eye was then checked at the conclusion of the case.  A subconjunctival 
injection of Kefzol and dexamethasone was given.  The operative eye was 
patched with 1 drop of scopolamine 0.25%, Bacitracin ointment, a soft pad and a 
hard eye shield. 
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Statistical Analyses 
Statistical analysis was performed using a student t-test to compare the varying 
groups. Statistical analysis were accepted with a p-value <0.05.  Data are 
presented as means +/ SEM. 
 
Statistical analysis was performed using a chi-squared to frequencies of different 
amounts. Statistical analysis were accepted with a p-value <0.05. Data are 
presented as means +/SEM. 
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RESULTS 
 
 
We began compiling our data by creating a spreadsheet of surgical 
patients for a single surgeon retina specialist that had some appointment or 
consultation with our cornea specialist.  The total of number of patients who were 
postoperative retina patients that encountered a corneal complication was 57 
patients and 58 eyes.  With this information we were able to split these patients 
into two categories: A. silicone oil group (SO group) and B. non-silicone oil group 
(NSO group). The SO group had a total of 23 patients and 23 eyes.  The NSO 
group had a total of 34 patients and 35 eyes.  We omitted eyes that were not 
involved in a retina surgery from each group. Moreover, we compared our cornea 
patients with those who underwent retina surgery and did not have any 
complications during the same years of October 2013 to December 2016 and the 
total was 304 patients and 338 eyes.  
First, we looked at our total number of patients that underwent retina 
surgery and encountered a corneal complication.  Corneal complication included: 
visual distortion involving anisometropia or photophobia, increased IOP including 
UGH syndrome, allergic conjunvtivitis, a lens subluxation, herpes virus (zoster or 
simplex), a corneal scar or lesion, bullous keratopathy and corneal 
neovascularization. 
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When comparing our complicated patients to those without complications 
we found certain retinal diagnoses that showed a higher prevalence for risk when 
participating in a pars plana vitrectomy. 
 
Figure 7: Retinal Diagnoses total number of surgical eyes vs. corneal 
complication cases.  
 
From Figure 7 we went through and divided the number of complicated 
patients by total number to see what percentage of surgeries pre diagnosis 
seemed to cause a higher degree of complications. Our values are as follows: 
RD (14.0%), PDR (17.0%), ERM (8.0%), Macular Hole (0.0%), Vitreous Material 
(22.0%), Vitreous Hemorrhage (7.0%), Trauma (36.0%), Endophthalmitis 
(43.0%), Subluxed Lens (54.0%), NVG + UGH (31.0%), and VMT (67%).  
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After viewing the different diagnoses we compared total complicated 
patients into two sub-groups of silicone oil eyes and non-silicone oil eyes. The 
distribution is shown in Figure 8. 
 
Figure 8: Total Number Comparison of Silicone Oil Patients with Non-
Silicone Oil Patients Total number of patients who underwent corneal 
complications status post retina surgery. SO group n=23 patients NSO 
group n=34 patients.  
 
Many retinal diagnoses use silicone oil as a tamponade during a 
vitrectomy for stability or decreased amount of retinal breaks.  Furthermore, 
these retinal diagnoses stem from many systemic precursors such as 
hypertension or diabetes. As a controller we documented total number of patients 
who were hypertensive or diabetic including Type I and Type II and compared 
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our SO group to our NSO group in Figure 9.  Our data does not have a significant 
association of hypertension or diabetes in comparison to group A (SO) or B 
(NSO); p>0.05; using a chi-squared analysis.  In addition, we did not find a 
statistical significance that there is a variation in frequency of diabetes between 
the SO vs. NSO group (p>0.05).  
Using a chi-squared analysis with our p> 0.05 that our data is not 
significant to prove there is a prevalence of either hypertension or diabetes when 
comparing the SO group to the NSO group.  Furthermore, the diabetes data 
(p>0.05) does not prove a statistical significance that there is a variation in 
frequency of diabetes between the SO group vs. the NSO group.  
    
Figure 9: SO Group vs. NSO Group Hypertension and Diabetes Prevalence. 
Self-reported data of patients who had systemic complications of hypertension or 
diabetes included in our SO group (n=23) or NSO group (n=34) (p> 0.05, x2 = 
0.0934, p-value = 0.759847). 
	33 
The amount of times a surgeon enters the eye undoubtedly takes a toll on 
the strength and homeostasis of a patient’s vision. In Figure 10 we looked at the 
SO group and NSO group to see how many retinal surgeries on average 
occurred per eye.  We then compared the mean frequency of retina surgeries per 
eye between the SO group and the NSO group.  On average, the SO group had 
3.74 surgeries per eye while the NSO group averaged 1.28 surgeries per eye.  
Using an unpaired t-test at a 95% confidence interval the two-tailed p-value 
<0.0001. Our data shows statistical significance amongst number of retina 
surgeries per eye between the SO group and NSO group. 
 
Figure 10: Mean frequency of retina surgeries per eye comparison, SO 
Group (n=23) vs. NSO Group (n=35) where our data is presented as mean +/- 
SEM (p <0.001, df=56, SOE= 0.334.   
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DISCUSSION 
 
 There are many researchers currently looking at retinal diagnoses and 
attempting to get to understand the silicone oil controversy.  Our patient 
demographic showed a split between patients requiring the tamponade and 
those requiring a standard vitrectomy for a range of retinal diagnoses.  In this 
study, we were able to demonstrate a the number of patients in the SO group 
versus the NSO group being insignificantly different while looking at possible 
other factors in surgery with the use of silicone oil that could effect its use in the 
future.  Moreover, with a range of retinal diagnoses this study serves as an 
overview of a few of these groups.  From the frequencies we can take a look at 
which diagnoses seem to affect the cornea postoperatively.  
 When viewing our diagnoses and the frequency of complication it seems 
that cases potentially involving the cornea or an accompanying corneal surgery 
have a higher risk of creating a complication after surgery.  Over one quarter of 
the surgeries leading to corneal complications occurred in the categories of 
subluxed lens, endophthalmitis, trauma, and UGH/NVG.  VMT similarly had a 
very high percentage of corneal complicated patients.  Retinal detachment and 
epiretinal membrane caused the highest number of specific retinal problems with 
low percentages of fewer than 15% with postoperative complications.   
 After separating our corneal complication total eyes into the SO and NSO 
groups our goal was to see how the use of silicone oil affected the eyes, their 
surgical history, and whether or not it seemed significant in a higher rate of 
	35 
postoperative complications.  The SO group n=23, was several patients less than 
our NSO group (n=34).  Systemic occurrences were used to reveal potential 
underlying reasons for our data other than silicone oil.  Both hypertension and 
diabetes were not significantly different between our two groups (p<0.05).    
 Interestingly, our silicone oil patients did have a significantly greater 
number of retinal surgeries per eye on average than our non-silicone oil eyes.  
The procedure of silicone oil insertion is usually coupled by its removal so our 
data fits with current studies.  However, the use of silicone oil as a tamponade 
proves an interesting facet with the surgical numbers because its removal, 
though necessary for prevention of long-term, increases numbers of surgeries.  
This increased frequency in general comes with a higher risk of complication in 
general. A study completed by Lucke et al looked at 500 RD cases with silicone 
oil usage and deemed no toxicity or decreased visual function.  Remarkably, 
visual function of those without a cataract or diabetes increased and stayed 
stable over time even with the use of silicone oil (Lucke et al, 1987).   
 If we take a deeper look at our patients with complications we can view 
specific issues and focus on how to prevent them or even see which diagnoses 
were unable to heal.  A total of 6 patients were considered or underwent a 
Descemet’s stripping endothelial Keratoplasty (DSEK), 3 in our SO group and 3 
in our NSO group.  Furthermore, out of these 6 patients who underwent a DSEK, 
they all had some sort of corneal neovascularization or a neurotrophic cornea.  
Three other patients had a neurotrophic cornea but did not discuss possible 
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DSEK surgery.  A DSEK is only performed if a patient has a complete loss of 
corneal function and is the equivalent to corneal death.  With such a small 
sample size we did not look into specific causes of corneal death but it would be 
interesting to view a larger sample of DSEK candidates and potential retinal links. 
 This current study was limited by number of patients in some of the retinal 
diagnoses.  Furthermore, our cornea specialist did not arrive at Beth Israel 
Deaconess Medical Center until 2013.  If our study reached back a few more 
years our data may show a different and more complete picture of retina surgical 
cases by our surgeon.  Fortunately, our cornea specialist was able to consult 
many of these cases for not only complications but also cataracts.  Many of the 
cataract consult or surgical patients were also retina patients and the fact that our 
cornea specialist performed an exam on these patients and spared them from 
the one of the cornea complication diagnoses solidifies our frequencies.  As 
previously noted, some of our patients were involved in corneal scraping during 
their vitrectomy procedure.  This scraping is done to gain a clear view to the back 
of the eye and is common when an eye is already in an unhealthy condition.  We 
were unable to access the correct operation sheets to view which patients 
received the corneal scraping.  Corneal craping as an identifier could be a key 
component to a further investigation into the corneal postoperative health. 
 To improve the results, we suggest future studies do not use self-report 
data like we did for hypertension and diabetes due its lack of complete accuracy.  
Also, our clinic involves many other ophthalmologists.   An inclusive study with 
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the other surgeons might be more accurate because consults for other eye 
problems are available and possible outliers to our information.  
 In conclusion, our study was able to demonstrate using a data set of 
patients with variable retina diagnoses that there is no significant increase in 
amount of corneal complications due to silicone oil.  Also, the increased 
frequency of retina surgeries from our SO group shows us that the eye is 
definitely under more stress but it does not directly contribute to problems with 
the front of the eye.  Moreover, when a closer look is taken at patients, these 
observations could shed some light on why the frequency of complications varies 
so widely even when using the same protocol for a pars plana vitrectomy.  In the 
future, we hope that studies can focus on specific retinal diagnoses that seem to 
cause increased frequency of corneal complications to aide in creating safer and 
more effective surgical techniques to increase vision with less postoperative risk. 
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